Optokinetic responses (OKRs) are reflexive eye movements elicited by a moving visual pattern, and have been recognized in a variety of species. Several brainstem and cortical structures are known to be implicated in the generation of OKRs in primates, while the OKRs of afoveate mammals have been posited to be dominated by subcortical structures. To understand the subcortical mechanism underlying OKRs, the initial OKRs to horizontal quarter-wavelength steps applied to vertical grating patterns were studied in adult C57BL/6J mice under the monocular viewing conditions. The initial OKRs to sinusoidal gratings showed directional asymmetry with temporal-to-nasal predominance, a common characteristic of afoveate mammals that uses the subcortical structures to elicit OKRs. We then examined whether the OKRs of afoveate mammals are driven by the same visual features of the moving images as those in primates. The OKRs in mice were elicited by using the missing fundamental (mf) stimuli and its variants that had been used to understand the mechanism(s) underlying the cortical control of eye movements in primates. We obtained the results indicating that the OKRs of mice are driven by the principal Fourier component of moving visual image as in primates despite the differences in neural circuitries.
Introduction
Optokinetic responses (OKRs) are reflexive eye movements elicited by a moving visual pattern, and have been recognized in a variety of species (Collewijn, 1991; Distler and Hoffmann, 2003; Stahl, 2004; Leigh and Zee, 2006; Büttner and Kremmyda, 2007; Stahl, 2008) . Several brainstem and cortical structures are known to be implicated in the generation of OKRs in primates (Fuchs and Mustari, 1993) . The cortical structures involve the striate and extrastriate areas MT/MST (MT: middle temporal, MST: medial superior temporal) in monkeys (Dürsteler and Wurtz, 1988; Takemura et al., 2007) and the MT+ in humans (Bucher et al., 1997; Galati et al., 1999; Kansaku et al., 2001) . The subcortical structures involve the pretectum and the accessory optic system (AOS) (Kato et al., 1988; Hoffmann and Distler, 1989; Mustari and Fuchs, 1989, 1990) . In afoveate mammals, on the other hand, the OKRs have been posited to be dominated by subcortical structures because the OKRs of rabbits and rats were not influenced by lesions of the cerebral cortex (Hobbelen and Collewijn, 1971; Harvey et al., 1997) .
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be observed in behavioral differences: the initial rapid rise of slowphase velocity has been observed only in foveate animals, and directional asymmetry has been observed during monocular viewing in afoveate animals (see review by Collewijn (1991)). However, as Wallman (1993) noted, the subcortical mechanism underlying the generation of OKRs appears to be shared by foveate and afoveate mammals. Zee et al. (1987) reported on the effects of occipital lobectomies on the OKRs of rhesus monkeys. They found that the OKRs were markedly altered but not abolished and that the residual OKRs were similar to those of afoveate animals with a temporalto-nasal (T-N) predominance during monocular viewing. Similar asymmetry in the OKR has been recognized in immature humans (Schor, 1993) . Monocular stimulation of newborns with wholefield motion in the T-N direction produces much better OKRs than motion in the opposite, nasal-to-temporal (N-T) direction. This asymmetry in the monocular response, which strongly resembles the OKR of afoveate animals, gradually disappears during development. The mouse, an afoveate animal, has long been used for research in various neuroscience domains, and understanding of the mouse OKRs has been advancing gradually. The effect of retinal abnormalities on the mouse OKR has been studied by several labs (Yoshida et al., 2001; Cahill and Nathans, 2008; Sato et al., 2008) . The retina is posited to be a key structure in the mouse OKRs, where the direction of motion is identified by directionally selective ganglion cells that provide direct inputs to the pretectum and the AOS (Simpson, 1984; Wallman, 1993) . Recently, Yonehara et al. (2009) 
